Older adults experience speech perception difficulties that are not explained by audiometric thresholds. One hypothesis is that temporal processing deficits contribute to speech-in-noise difficulties. To test this, threshold for mistuning was measured for a component within a complex of unresolved harmonics -a cue that likely depends on sensitivity to envelope perturbations. The complex comprised harmonics 12-16 of a 100-Hz or 200-Hz fundamental, and the duration was either 170-, 340-, or 680-ms. Presentation level was 70 dB SPL. The starting phases of all components were randomized on each presentation. The 3AFC procedure adaptively varied the mistuning of harmonic 14 to obtain the frequency-shift threshold. Younger and older listeners with audiometrically normal hearing participated. The expectation was that older adults would require greater mistuning to detect changes in envelope periodicity and that this would be more evident at shorter durations. Preliminary results support an overall effect of age as well as effects of fundamental frequency and duration. Results will be considered in the context of parallel speech-evoked ABR studies being undertaken in this population that point to age-related deficits in envelope processing, possibly driven by poor encoding of unresolved harmonics.
INTRODUCTION
Older adults often experience difficulty with speech perception in noisy backgrounds. Temporal deficits have been suggested as a contributing factor to decreased speech perception among older adults with normal hearing sensitivity (e.g., Strouse et al., 1998; Pichora-Fuller et al., 2007) . Among these temporal processing deficits is reduced periodicity coding which is thought to affect pitch tracking and, consequently, perceptual segregation of simultaneous sounds. The purpose of the current study is to measure periodicity coding in the aging auditory system. The task requires detection of a mistuned harmonic within a complex tone comprising unresolved harmonic components.
In tasks of harmonic mistuning, the detection cue changes for low-versus high-numbered harmonics (Moore et al., 1985) . For low, resolved harmonics, applying a frequency shift to one component results in that shifted tone "popping out" as a separate auditory object from the complex. For high, unresolved harmonics, a frequency shift to one of the components results in a "roughness" or "beating" perception. In addition, detecting mistuning of one unresolved component is affected by the duration of the stimulus, which supports the argument that temporal envelope cues are driving the detection of the mistuning. By using only unresolved harmonics and testing duration effects, this study is designed to investigate temporal envelope processing in the aging auditory system. Previous psychophysical and electrophysiological work in our lab has found age-related deficits in temporal envelope processing (Grose et al., 2009) . Employing a task reliant on coding the periodicity of a harmonic complex was motivated by on-going speech-evoked auditory brainstem response (sABR) experiments in our laboratory. The hypotheses for this study were: (1) older adults need a greater degree of mistuning to detect a change in the temporal envelope and (2) older adults show an increased deficit for shorter duration stimuli.
Previous mistuned harmonic studies that were concerned with age-effects, employed low, resolved harmonics (Alain et al., 2001; Grube et al., 2003) . Alain et al. (2001) employed a harmonic complex comprising the first ten harmonics of a 200-Hz fundamental frequency. Detection of mistuning was measured for the 2 nd , 5 th , and 8 th harmonics at two different stimuli durations: 100-and 400-ms. Alain and colleagues found that older adults had more difficulty detecting mistuned harmonics than young and middle-aged listeners, especially for short duration stimuli and suggested that a decline in temporal resolution was one potential explanation for this difference. Grube et al. (2003) tested for age-effects using a complex tone comprising the first ten harmonics of a 125-Hz fundamental frequency. Grube and colleagues found age-related elevation of mistuning threshold for the 4 th and 8 th harmonics, but not the 1 st and 2 nd harmonics. They assumed the response requires phase-locking to the mistuned component and interpreted these findings as indicating reduced temporal acuity because performance worsened with increased frequency for the older adults.
Currently in our laboratory, we are undertaking a sABR experiment as an objective assessment of temporal periodicity coding in the aging auditory system. Preliminary findings suggest that encoding of the fundamental frequency and its harmonics is reduced in the recorded response of the older adults. The averaged response, as elicited by alternating polarity stimuli, presumably reflects the neural phase-locking to the temporal envelope of the speech stimulus. A recent sABR study by Ruggles et al. (2012) suggested weak envelope coding in middle-aged adults. The authors interpreted the findings as possibly reflecting poor encoding of the mid-high harmonics of the speech stimulus (/da/), which would result in reduced neural representation of the fundamental frequency. Considering these electrophysiological findings, we approached a mistuned harmonic task from the perspective of age-related deficits in the encoding of higher, unresolved harmonics.
METHODS

Participants
To date, young adults (n=7; age=20-30 years) and older adults (n=5; age=66-78 years) have participated in the experiment. All younger adults had audiometric thresholds ≤20 dB HL at octave frequencies 250-8000 Hz. Older adults had audiometric thresholds ≤20 dB HL from 250-3000 Hz and ≤30 dB HL at 4000 Hz. All older adults also passed the Mini-Mental State Exam (Folstein et al., 1975) The stimuli were 5-tone harmonic complexes comprising harmonics 12 -16 of 100-Hz and 200-Hz fundamental frequencies. Each component had equal amplitude and was generated with a random starting phase. Stimuli were generated at a sampling rate of 25 kHz and presented at an overall level of 70 dB SPL through Sennheiser HD 580 circumaural headphones. Three stimulus durations were tested: 170-, 340-, and 680-ms including 25-ms raised cosine rise/fall ramps. In addition, a Gaussian noise low-passed at 100 Hz (15 dB/octave roll-off) with a 50 dB/Hz spectrum level at the 100 Hz component was present throughout the experiment to mask any low frequency distortion products.
Procedure
Threshold for detecting mistuning of the 14 th harmonic component was measured using a three-alternative forced-choice (3AFC) procedure. A three-down, one-up stepping rule converged on the 79.4% correct point. In each of the two standard intervals, the five tone harmonic complex was presented. Due to the random starting phases of the components, the envelopes of the two standard intervals were not identical, but the periodicity of the envelope was unperturbed. In the target interval (chosen at random), the middle component of the complex (i.e., harmonic 14) was shifted upward in frequency. The target cue was described as a "roughness", a "wobble" or a "vibration". The inter-stimulus interval was 500 ms. The intervals were marked by lights on a response box. The participant was instructed to press the button that corresponded to the light that was illuminated when the target interval was heard, and feedback was provided visually on each trial. Initial mistuning ranged from 1-5% depending on the condition and the participant's performance. Ceiling was defined as a mistuning that exceeded 7.15% because at that point, the mistuned component shifted in frequency past the next harmonic component. For the first 2 of 8 reversals the step size was a factor of 2; for the final 6 reversals, the step size was a factor of 2. Threshold was calculated by taking the geometric mean of the final 6 reversal points. At least two threshold estimates per condition were collected for all participants. Participants were permitted to practice, and threshold collection began when the participant's thresholds remained stable from one trial to the next. The order of conditions was random across participants, and conditions were presented in blocks of 2-3 trials at a time.
RESULTS
Results to date are shown in Fig. 1 . Because of on-going subject recruitment, all statistical findings are considered preliminary. Initial evaluation of the data reveals a main effect of age group, F(1,10)=31.39, p<0.001, with better performance (i.e., lower percent change thresholds) for the younger adult group compared to the older adult group in all conditions tested. Moreover, both groups show improvement in thresholds as the duration of the stimulus increased, F(2,9)=14.57, p=0.002; however, there is a significant duration-by-group interaction, F(2,9)=4.51, p=0.049, with the older adults showing an increased deficit for the shorter duration stimuli. There is a borderline main effect of fundamental frequency, F(1,10)=4.96, p=0.050, and no fundamental-by-group interaction. In the 100-Hz fundamental, 170-ms duration condition, one older adult was unable to obtain a threshold below ceiling, and one older adult only performed the condition below ceiling once (6.61%) out of five trials. Neither of these adults showed any differences from their peers in the other conditions. For the listener who performed above ceiling, a value of 7.15% was entered for the figure and statistics. 
DISCUSSION
This experiment was designed to study age effects in periodicity coding of harmonic complexes. The inclusion of only unresolved harmonics in the complex tone resulted in perturbation of the temporal envelope when the 14 th harmonic component was shifted upward in frequency. To date, the hypotheses that (1) older adults require a greater shift in the mistuned harmonic in order to detect the distortion in the periodicity of the temporal envelope, and (2) they are more affected by shorter duration stimuli, have been supported in the preliminary data.
One consideration in the pattern of results is the relationship between duration of the stimulus, fundamental frequency, and number of envelope cycles available to make a detection decision. Age-related deficits in temporal integration have been cited in studies of mistuned harmonic detection (Alain et al., 2001 ) and gap detection (Schneider and Hamstra, 1999) . In this study, testing at a fundamental frequency of 100 Hz and a duration of 170 ms was motivated by the /da/ stimulus used in our concurrent sABR experiment. Based on pilot testing of the stimuli, it was determined that longer stimuli and complexes with a higher fundamental frequency allowed easier detection of the mistuned target. As such, the study was designed to look at these effects, especially considering issues of temporal integration in older adults.
Another possibility is that the older adults have poorer encoding of the higher harmonics, and so, the internal representation of the complex tone is distorted at the output of the auditory filter such that a greater mistuning is necessary to generate enough temporal envelope distortion to detect a change from the standard stimuli. This argument is consistent with the rationale proposed by Ruggles and colleagues (2012) in their interpretation of their sABR findings. As the study progresses, this argument will be considered as a possible explanation for older adults having a higher threshold at all conditions tested. This observation might suggest that there is an increased level of internal noise (or temporal jitter) that must be overcome by the external stimulus before detection is possible.
Finally, this psychophysical measure of periodicity coding is being analyzed in conjunction with electrophysiological measures of periodicity coding of complex stimuli and speech perception in modulated noise. The age-related effect of temporal jitter as described by Pichora-Fuller and colleagues (2007) provides a context in which to consider and simulate the effects of aging in psychophysical and electrophysiological measures.
